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Cyst morphology of European branchiopods 
(Crustacea: Anostraca, Notostraca, Spinicaudata, Laevicaudata) 

by Alain THIERY, Jan BRTEK and Charles GASC 


Abstract. — A comparative analysis of cyst (= resting egg) size and shell architecture by scanning electron 
microscopy is reported in 40 species of “large branchiopods”, belonging to 21 genera from all the families 
inhabiting inland waters of Europe. This paper follows one on the geographic distribution of the European 
branchiopods where 72 species and subspecies belonging to 22 genera and 13 families were listed (Brtek & 
Thi£ry, 1995). Particular attention has been paid to cyst shape and morphology of the external shell surface. 
The results are discussed in the light of existing literature. When the taxonomic value of the external shell 
surface pattern shows its limits, the combination size/surface pattern seems more useful, being sometimes spe¬ 
cies-specific, while in other cases (such as in Branchipus , Tanymastix , Cyzicus , Imnadia ) it appears to reflect 
taxonomic relationships of higher rank. In other cases, a third character, the structure of the cyst envelope, 
observable in fractured cysts, must be taken into account to separate cysts (as in Artemia sp. and Branchinectella). 
“Large branchiopods” eggs can provide new taxonomic information that is useful in the definition of natural 
groups. 

Keywords. — Cyst morphology, resting egg, Europe, Crustacea, Anostraca, Notostraca, Spinicaudata, Lae¬ 
vicaudata, scanning electron microscopy, taxonomy. 

Morphologie des ceufs de branchiopodes europeens 
(Crustacea: Anostraca, Notostraca, Spinicaudata, Laevicaudata) 

Resume. — La morphologie des ceufs (= ceufs de resistance) de 40 espEces de branchiopodes (Anostraca, 
Notostraca, Spinicaudata, Laevicaudata) appartenant & 21 genres reprEsentant toutes les families peuplant les eaux 
stagnantes continentales d’Europe, est decrite au moyen du microscope electronique a balayage. Cette etude fait 
suite & f article de Brtek & Thi£ry (1995) qui dresse Tinventaire actuel de ces crustaces branchiopodes en Europe 
et illustre la distribution gEographique des 72 especes et sous-espEces rEpertoriEes, reprisentantes de 22 genres 
et 13 families. La forme des ceufs et la morphologie externe de leur enveloppe sont decrites, les resultats etant 
confronts aux donnees bibliographiques. Dans de nombreux cas, les omementations de surface sont des criteres 
fiables permettant une identification specifique ou gEnErique. Lorsque ces omementations ne presentent pas de 
caractEristiques suffisantes pour etablir une discrimination des ceufs, il est alors necessaire de considerer la combi- 
naison diamEtre/omementations de surface qui peut etre specifique ou parfois genErique comme c’est le cas pour 
les genres Branchipus , Tanymastix , Cyzicus et Imnadia. Dans quelques cas, un troisieme caractere, la structure 
interne de l’enveloppe de l’ceuf, observable en coupe, doit etre considere pour separerdes ceufs d’aspect identique 
mais d’especes diffErentes (cas pour Artemia sp. et Branchinectella media). La morphologie des ceufs de bran¬ 
chiopodes, ayant une incontestable valeur taxonomique, devrait etre prise en compte pour completer les etudes 
sur la phylogenie de ces crustaces. 

Mots-cles. — Morphologie, ceufs de resistance, Europe, Crustacea, Anostraca, Notostraca, Spinicaudata, 
Laevicaudata, microscope Electronique k balayage, taxonomie. 
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INTRODUCTION 

“Large branchiopods” - fairy shrimps (Anostraca), tadpole shrimps (Notostraca) and clam 
shrimps (Spinicaudata + Laevicaudata) - are crustaceans living in inland temporary freshwaters, 
or sometimes saltwaters. As they live in physically and chemically fluctuating astatic habitats, 
with recurrent phases of complete drying (temporary ponds, ditches, salterns...), these crustaceans 
present adaptations to desiccation, the main one being the production of only one sort of egg 
- thick-walled resting eggs (= cysts). The morphology of cysts has been described since the 
work of Daday (1910 to 1927) and in several cases specific distinctness has been hypothetized. 
During the mid- and late 1980s, the micromorphology of cysts has been a central topic in “large 
branchiopods^ biology. Scanning electron microscopy has been used to obtain accurate images 
of fine surface structures and increasing knowledge has led a number of authors to consider and 
discuss the taxonomic importance of the micromorphology and size of the cysts (review in Thiery 
& Gasc, 1991; De Walsche et al , 1991; Mura, 1992a, b). While for several countries cyst 
morphology has been studied, (Spain: Alonso & Alcaraz, 1984, all the orders; Italy: Mura, 
1986, 1992a, both only anostracans; France: Thiery & Gasc, 1991, all the orders), no global 
view on the European scale is available. The present study is the first one to attempt a synthesis. 


MATERIAL AND METHODS 


Identification 

Species identifications were made using adult morphology (second antenna and penes of 
the male; female ovisac), using Daday (1910 to 1927), LINDER (1941), Brtek (1959, 1964, 
1966), Longhurst (1955), Straskraba (1965a, b; 1966). Branchiopod taxonomy follows Fryer 
(1987) and Brtek & Thiery (1995). 

The surveyed area is shown in Fig. 1. 

SEM STUDIES 

Cysts were removed from female ovisacs, kept in 10% formaldehyde, then fixed in a bath 
of KAAD (30% kerosene, 60% absolute ethanol, 5% acetic acid, 5% dioxane) for 24 h (see 
THIERY & Gasc, 1991). From preserved females, we chose only individuals with well formed 
complete egg-shells. The egg-shell pattern changes from fertilization to time of deposition (see 
THIERY, 1985 for Triops ; Mura, 1992b for Chirocephalus diaphanus). After CCL critical point 
drying, cysts were coated with gold and then observed using a Cambridge Stereoscan 360 at an 
acceleration voltage of 20 KV and a working distance varying from 9-10 mm for the smaller 
cysts (clam shrimps) to 25 mm for the bigger ones (Branchinecta and tadpole shrimps). Some 
technical data are given on Fig. 4c. 

Measurements 

Cyst diameter and surface ornamentation (spines, ridges...) were measured with a SEM 
numerical point-point system (see example in Figs 4b - crosses, and 4d - vertical lines) and 
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Fig. 1. — Area surveyed in the study of cyst morphology of “large branchiopods”. 

Aire geographique prise en compte pour l'etude de la morphologie des ceufs des « grands Branehiopodes ». 


sometimes on calibrated SEM photonegatives. Diameters cited from the literature were measured 
from published calibrated photographs. To study the variability of cyst diameter we use a Variation 
Index (V. I.) defined as: maximum diameter-minimum diameter/mean diameter, in per cent. 
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Material EXAMINED 


ANOSTRACA 

Artemia parthenogenetica Bowen & Sterling, 1978: saltworks of Salin-de-Giraud, Camargue, S. France, 6. 
5. 1989, coll. A. Thi£ry (Figs 7h, 8a). 

Artemia tunisiana Bowen & Sterling, 1978 (= bisexual strain): coastal saltworks, Sete-Villeroy, S. France, 
5. 5. 1989, coll. A. Thi£ry (Fig. 8b). 

Branchinecta ferox (Milne-Edwards, 1840): Hurbanovo, 17. 4. 1956, and Palarikovo, 22. 4. 1969, SW 
Slovakia, both in coll. J. Brtek (136) (Figs 4b, c). 

Branchinecta minuta Smirnov, 1948: Dnepropetrovsk-district, Ukraine, 6. 4. 1937, coll. S. Smirnov (Figs 4f, 
g; 5b-d). 

Branchinecta orientalis Sars, 1901: Illmitz, Lake Kirchsee, Austria, 26. 5. 1963, coll. J. Vornatscher 
(Fig. 4e). 

Branchinecta paludosa (Muller, 1788): High Tatra mountains, Horne Furkotske Lake, N. Slovakia. (Figs 4a; 
5a). 

Branchinecta tolli (Sars, 1897): Laptevis Sea, Stolbovoj Island, Russia, 29. 2. 1985, and Tiksi, Yakutia, 
Russia, 1. 8. 1985, coll. N. Vekhoff (Figs 4d; 5e-g). 

Branchinectella media (Schmankevitch, 1873): Troick District, Kudaj-Sugur lake, Kazachstan, 11.4. 1932, 
coll. S. Smirnov (Figs 7e; 8e). 

Branchiaella spinosa (Milne-Edwards, 1840): salterns of Salin-de-Giraud, Camargue, Southern France, 6. 
5. 1989 (Fig. 8c). 

Branchipus blanchardi Daday, 1908: High Alps, type locality on the Cristol Plateau, France, 24. 8. 1988, 
coll. A. Thi£ry (Fig. 6j, k). 

Branchipus schaefferi Fischer, 1834: Tekovske Luzany (Sec. Kertdsz 1956 as “Nagysallo”, SW Slovakia, 
27. 5. 1972, coll. J. Brtek (1513) syn. visnyai (Fig. 6h), and Rivesaltes, 19. 11. 1987, and Plain of Crau, 26. 3. 
1994, S. France, coll. A. Thi6ry (Fig. 6i). 

Branchipus laevicornis * Daday, 1910: Eregli, Asia Minor, coll. E. Daday, 1912 MNHN Bp273 (Fig. 7d). 
Chirocephalus bairdi* (Brauer, 1877): Berekhat Hitin, Israel, 24. 3. 1983, coll. R. Ortal (Fig. lOa-c). 
Chirocephalus chyzeri (Daday, 1890): Maly Hores, 24. 4. 1970, and Vel’ky Kamenec, SE Slovakia, 24. 4. 
1970, coll. J. Brtek (745, 752) (Fig. 9c, d). 

Chirocephalus carnuntanus (Brauer, 1877): Gbelce, 28. 4. 1966, and Hurbanovo, 14. 4. 1967, SW Slovakia, 
coll. J. Brtek (228) (Figs 9i; 10i-l). 

Chirocephalus diaphanus Prevost, 1803: Saint-Maximin, S. France (Provence), 7. 2. 1988, coll. A. Thi£ry 
(Fig. 8j). 

Chirocephalus diaphanus carinatus (Daday, 1910): Musala, Bulgaria, alt. 2300 m, 8. 8. 1962, coll. J. Gulicka 
(Fig. 9b). 

Chirocephalus josephinae (Grube, 1853): Ust’-Kut, Asian Russia, 4. 6. 1925, coll. S. Smirnov (Figs 9h; 

lOh). 

Chirocephalus orghidani Brtek, 1966: Planitza, Romania, 18. 4. 1960, coll. P. Banarescu (Figs 8i; lOe). 
Chirocephalus pelagonicus Petkovski, 1986: Golemo Konjari, Macedonia, 4. 5. 1985, coll. S. Petkovski 
(Fig. 9a). 

Chirocephalus salinus (Daday, 1910): “Trepadoules” Porto Vecchio, SE Corsica, 28. 1. 1988, coll. A. Thiery 
(Figs 8k; lOd). 

Chirocephalus shadini (Smirnov, 1928): Bol’-Zatin, 25. 4. 1970, and Zatin, 15. 4. 1969, SE Slovakia, coll. 
J. Brtek (755, 399) (Figs 9g; lOf). 

Chirocephalus slovacicus Brtek, 1971: Jesenskd, 12. 4. 1968, Janice, 22. 4. 1970, and Lenartovce-Vlkyna, 
21. 4. 1981, S. Slovakia, coll. J. Brtek (365, 718, 1873) (Figs 9e; lOg). 

Chirocephalus spinicaudatus Simon, 1886: France, MNHN Bpl57, coll. E. Simon (25. 96), E. Daoay det. 
1909 (Fig. 90- 

Drepanosurus birostratus (Fischer, 1851): Tomsk, Russia, 25. 4. 1919 (Fig. 8h: immature cyst). 
Drepanosurus hankoi (Dudich, 1927): Kralovsky Chlmec, SE Slovakia, 15. 4. 1969, coll. J. Brtek (398) 
(Figs 6a, b; 7a). 

Linderiella massaliensis Thiery & Champeau, 1988: Saint-Maximin, S. France, 7. 2. 1988, coll. A. Thi£ry 
(Figs 7f; 8d). 


* 


Species living outside the study area, but described for comparison. 
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Polyartemia forcipata Fischer, 1851: Murmansk, Russia, 1898 (No 228) (Fig. 7b). 

Siplionophanes grubii (Dybowski, 1860): Moravia, coll. J. Hhrabe 27. 4. 1958, MNHN Bp 161, and Slovakia 
mer-occid. Sv. Jur. 25. 4. 1958 J. Brtek leg., MNHN Bp 260 (Figs 6f, g; 7c). 

Streptocephcilus torvicoruis (Waga, 1842): Male Trakany, 19. 7. 1969, and Dobra, 19. 7. 1969, SE Slovakia, 
coll. J. Brtek (545, 552) (Fig. 6c-e). 

Tcinyinastix stagnalis (Linnaeus, 1758): Fontainebleau forest, France, 9. 8. 1988, coll. A. Thiery (Fig. 8f). 
Tanyinastix stellcie Cottarelli, 1968: “Trepadoules” South of Porto Vecchio, Corsica, 28. 1. 1988, coll. A. 
Thiery (Fig. 8g). 

NOTOSTRACA 

Lepidurus apus (Linnaeus, 1758): Kamenicna, SW Slovakia, 14. 5. 1970, coll. J. Brtek (840); Gavoti, 21. 
2. 1988, and Rochefort du Gard, S. France, both in coll. A. Thiery (Figs lie; 12a, d, f-h). 

'Lepidurus arcticus (Pallas, 1793): Sachanika west Coast of Novaya Zemlya, Russia, 12. 9. 1925, coll. Zool. 
Inst. AN USSR (Fig. 12b, e). 

Lepidurus couesii Packard, 1875: Ulan Bator, Mongolia, 7. 7. 1970, coll. Z. Peregi (Fig. 12c). 

Triops cancriforinis (Bose, 1801): Komkrovce, SE Slovakia, 17. 7. 1969, coll. J. Brtek; Opoul, 26. 3. 
1988, and Plain of Crau, 26. 3. 1994, S. France, coll. A. Thiery (Fig. Ila-d). 

SPINICAUDATA 

Limnadia lenticularis (Linnaeus, 1761): Komarno, 26. 7. 1969, and Kava, 30. 5. 1973, SW Slovakia, coll. 
J. Brtek (602) (Fig. 13a-c). 

Imnadia yeyetta Hertzog, 1935: Sulany, 15. 5. 1970, and Medvedov, 16. 5. 1970, SW Slovakia, coll. J. Brtek 
(893) (Fig. 13d, e), and La Galere, Plain of Crau, S. France, 26. 3. 1994, coll. A. ThiGry. 

Cyzicus tetracerus (Krynicki, 1830): Dobra, 3. 6. 1970, and Jenkovce, 31. 5. 1970, SE Slovakia, coll. 
J. Brtek (984, 1065); Gavoti, Provence, S. France, 21. 2. 1988, coll. A. Thiery (Fig. 13f, g, i). 

Eocyzicus orieutalis Daday, 1913: Astrahan, Russia, 3. 6. 1968. (Fig. 13h, j). 

Leptestheria dahalacencis (Riippel, 1837): Sul’any, 15. 5. 1970, and Nove Z&mky, 29. 5. 1973, SW Slovakia, 
coll. J. Brtek (866, 1779) (Fig. 14a-e). 

Eoleptestheria ticiuensis (Balsamo-Crivelli, 1859): Novosad-Jastrabie, 1. 6. 1970, and Zemplinske Jastrabie- 
Oborin, 1. 6. 1970, SE Slovakia, coll. J. Brtek (1005, 1009) (Fig. 14f). 

LAEVICAUDATA 

Lynceus brachyurus Miiller, 1776: Kralovsky Chlmec, 3. 6. 1970, SE Slovakia, coll. J. Brtek (1043) 
(Fig. 14g, h). 


RESULTS 


Size-Diameter 

Results are presented in Table I and Fig. 2. In Table I, the species are listed in taxonomic 
order; in Fig. 2 by increasing size. For each species, our original data (labelled “this study”) 
have been supplemented by data from the literature. In all cases, except where diameters are 
related to erroneous scale bars, as in Alonso & Alcaraz (1984) for Branchinecta ferox and B. 
cervantesi or in Mura (1992, PI. 2, p. 237) for six species of Chiracephalus, the cysts are of 
more or less consistent diameter. In most cases, our results agree with data in the literature. 

In most cases, the Variation Index (VI) ranges from 3 to 30%. However, in several species, 
such as in Brcinchipas schaefferi , Tanymastix stagnalis , Streptocephalus torvicoruis , Chiro- 
cephalus diaphanus , and Artemia, the index is higher, from 30 to 55%. The lesser values of the 
Variation Index, indicating a relative constancy in cyst diameter whatever the geographical origin 
of the population, are found in species with restricted areas of distribution, while values of V. I. 
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Fig. 2. — Diameters in pm (low and high values from this paper and from available literature) of the cysts of European branchiopods 
ranged from the smaller to the larger. Open circles indicate single measurements. 

Diametres en pm (valeurs inferieures et superieures d’apres les resultats de cette etude et les donnees bibliographiques) des 
ceufs des Branchiopodes d’Europe classes par ordre croissant de taille. Les cercles indiquent des me sure s isolees. 


are greater in common and widely distributed species (for geographical distribution in Europe, 
see Brtek & Thiery, 1995). 

The V. I. might be also linked with the diversity of measurements (number of authors or 
precision of the measuremts, as shown in Fig. 3 which illustrates the correlation between the 
Variation Index and the number of citations in the literature: V. 1. (%) = 5.558 number of citations 
+ 0.39 (n = 31, r 2 = 0.633, P < 0.05). 

The smallest cysts are those of spinicaudatans and laevicaudatans, ranging from 95 to 
209 pm. Those of anostracans range from 198 to 527 pm and of notostracans from 350 to 780 pm. 
The Arctic species Polyartemia forcipata and Lepidurus arcticus have the largest cysts of the 
European “large branchiopods”. 
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Fig. 3. — Relation between variation index (%) and number of citations in the literature. V. 1. % = 5.558 citations + 0.39 (n = 
31, r 2 = 0.633, P < 0.05). 

Relation entre I’indice de variation (en %) et le nombre de references dans la litterature. V. /. (%) - 5,558 citations + 0,39 
(n = 31, r 2 = 0,633, P < 0,05). 


Cyst morphology 

ANOSTRACA (Table I and Figs 4 to 14): except for the cysts of the genus Tanymastix which 
are lenticular, all those of anostracans are more or less spherical. Their surface may be smooth, 
as in Anemia and Branchinectella media , or, more usually ornamented by ridges, spines, de¬ 
pressions or crests. 

Polyartemiidae (Fig. 7b): Polyartemia forcipata has a large spherical cyst, with a rugose 
surface, with rounded spines shorter than 10 pm in length, as described by Mura (1992b, Plate 
5.3). 

Branchinectidae (Figs 4, 5): except for those of Branchinecta tolli which are slightly rugose 
(Figs 4d; 5e, f, g), the cysts of the European species of Branchinecta are characterized by low 
ridges which delineate large polygons (Figs 4a-c, e-g; 5a, b). (Gilchrist, 1978; Mura & Thiery, 
1986; Mura, 1991a, and MAEDA-MARTINEZ et ah, 1992, 1993). The cysts of Branchinecta 
paludosa and B. ferox are similar in appearance and of the same size, but the polygonal areas 
tend to be larger in the former. Likewise the cysts of Branchinecta orientalis and B . minuta are 
very similar (Fig. 4e, f, g). They are smaller than those of B. paludosa and B. ferox , and their 
ridges are more rounded and delineate smaller polygonal areas. No objective character distin¬ 
guishes them. Concerning the internal structure of the egg-shell, its spongy aspect in Branchinecta 
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Fig 4 — Cysts of anostraca: a) Branchinecta pciludosa ; b), c) B ferox, d) 8 tolli ; e) B orientcilis ; f), g) ft minuta. (common 
scale bar in Jim), 

GTw/s d'Anostraca: a) Branchinecta paludosa, b), c) B ferox; d) B tolli; e) B orientalis, f), g) B minuta (echelle commune 
en \im). 


minuta (Fig. 5c, d), agrees with the findings of Gilchrist (1978) for B. ferox. In B . tolli , the 
cyst wall is thin with thick low roots (Fig. 5f). No data are available for B orientalis. 

Artemiidae (Figs 7, 8): cysts of Artemia are spherical and smooth (Figs 7h; 8a, b), as de¬ 
scribed in many studies (Mazzini, 1978; Gilchrist, 1978; Mura & Thiery, 1986; Spotte & 
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Fig. 5. — Cysts of Anostraca: a) details of Branchinecta paludosa , b) idem , B minuta, c) idem , outer membrane cracked showing 
spongy structure; d) detail of spongy structure; e) Branchinecta tolli, f) Branchinecta tolli, detail of a cracked part of egg 
shell; g) B. tolli, detail of surface showing little rounded pits, (scale bars in pm), 

(Eufs d'Anostraca: a) detail, Branchinecta paludosa, h) idem, B. minuta; c) B minuta, la membrane exteme dechiree permet 
de voir la structure spongieuse , d) B. minuta, detail de la structure spongieuse ; e) Branchinecta tolli;/) B tolli, detail de 
la partie dechiree de Venveloppe , g) B. tolli, detail de la surface montrant les petits tubercules (echelles en \xm). 
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Fig. 6. — Cysts of Anostraca: a), b) Drepanosurus hankoi ; c), d), e) Streptocephalus torvicornis\ f), g) Siphonophanes grubu, 
h) Branchipus schaefferi syn. visnyai; i) Branchipus schaefferi, j), k) Branchipus blanchardi (common scale bar in pm). 
CEufs d'Anostraca : a) et b) Drepanosurus hankoi ; c), d), e) Streptocephalus torvicomis ; f), g) Siphonophanes grubu , h) 
Branchipus schaefferi syn visnyai , i) Branchipus schaefferi , j), k) Branchipus blanchardi (echelle commune en 
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Anderson, 1988; Thiery & Gasc, 1991). Except for a small difference in size, no objective 
distinction exists between the cysts of the parthenogenetic and bisexual strains. The vitelline 
envelope is thin and spongy (Fig. 7h). 

Branchipodidae (Figs 6, 7, 8): this family presents two very different patterns: lenticular 
cysts in Tanymastix (Figs 7g; 8f, g) (only small and often unreliable differences between the 
species) and wrinkled and angulated in Branchipus (Fig. 6h-k). The cysts of Branchipus schaefferi 
and B. blanchardi are shown in this paper while that of B. cortesi is illustrated in ALONSO & 
Jaume (1991, Fig. 4b, c, p. 227). As in Tanymastix , whose cyst pattern can be considered as 
generic, the angulated shape of Branchipus cysts is so similar in the four European species that 
we suggest that it could be generic also. This is confirmed by the cyst of Branchipus laevicornis, 
the fifth species of the genus, living in Asia minor, which is very similar in shape to that of 
the three species studied (Fig. 7d) and that studied by ALONSO & JAUME (1991). The differences 
between these species are hardly distinguishable without a large series permitting study of the 
morphology and size variability. This pattern is found also in a thamnocephalid, Dendrocephalus 
spartaenovae (Mura, 1992b, Plate 6.3), but this is a South American species, so no confusion 
is possible in field studies. In section the alveolar layer of the cyst wall of Branchipus blanchardi 
and B. laevicornis (both unpublished), are spongy as in B. schaefferi (Kupka, 1940, Figs 6-11; 
Gilchrist, 1978, Figs lc, d, 2a-d). In addition, the outer surface has numerous pores in B. 
blanchardi (Thiery & Gasc, 1991, Fig. 32), B. laevicornis (unpublished) and B. schaefferi 
(Kupka, 1940, Fig. 5; Gilchrist, 1978, Fig. lb; Mura & Thiery, 1986, PI. IV.B). 

Thamnocephalidae (Fig. 8): the cyst of Branchinella spinosa is spherical with a surface 
showing an irregular polygonal pattern formed by low mound-like ridges. These ridges are more 
or less pronounced (in relation to the maturation of the egg shell). Cyst size is close to that of 
Artemia (which always has smooth cysts), with which this species could coexist in coastal saline 
waters as in the Camargue and Sardinia. The B. spinosa pattern is constant for all populations 
observed (Alonso & Alcaraz, 1984, Fig. 2.d; Mura, 1986, Plate 5. a; 1992b, Plate 1.5; Mura 
& Thiery, 1986, Plate II.a). 

Streptocephalidae (Fig. 6): cysts of Streptocephalus torvicornis are well known (VALOUSEK, 
1952; Alonso & Alcaraz, 1984; Mura & Thiery, 1986; Thiery, 1987; Thiery & Gasc, 
1991; De Walsche et al. , 1991; Mura, 1992b). They have a “folded look” with polygonal 
cells irregularly shaped by raised ridges (Fig. 6c-e). Cysts of Streptocephalus torvicornis bucheti 
are similar to those of S. t. torvicornis (Alonso & Alcaraz, 1984, and Mura & Thiery, 
1986). 

Linderiellidae (Figs 7, 8): the cysts of the genus Linderiella are spiny (Fig. 8d), even with 
acute spines (15-20 pm long) in the French Linderiella massaliensis (Fig. 7f), or with flat trumpet 
tips in the Spanish form (Alonso & Alcaraz, 1984; Thiery & Champeau, 1988). In all cases 
the spines are different from those of the spiny cysts of some species of Chirocephalus , where 
they arise from the crests of honeycomb-like surface of the shell. In Linderiella they arise directly 
from the shell. 

Chirocephalidae Chirocephalinae (Figs 8, 9, 10): at first glance cysts of Chirocephalus spe¬ 
cies present great heterogeneity. Some are smooth, e.g. Chirocephalus marchesonii (Mura et 
al. , 1978, PI. 1; Mura, 1986, PI. 4), some spiny, e.g. C. ruffoi (Mura, 1986, PI. 12), C. diaphanus 
carinatus (Fig. 9b) and C. carnuntatus (Fig. 9i), some more or less bumpy as C. chyzeri (Fig. 9c, d), 
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fig. 7 — Details of the cysts of Anostraca: a) Drepanosurus hankoi — see low ridges (arrows); b) Polyanemia forcipata — 
see small spines (arrows), c) Siphonophanes grubii; d) whole cyst, Branchipus laevicomis; e) internal view of envelope, 
Branchinectella media (see the pillars — arrow); 0 spines of Litideriella massaliensis (those marked with an arrow are 
broken), g) section, Tanymastix stagnalis, showing spongy structure, h) detail of the envelope, Anemia (a.l. — alveolar 
layer). (Scale bars in |im,) 

Details des ceufs d'Anostraca a) Drepanosurus hankoi — voir les rides (fitches ), b) Polyartemia forcipata — noter les 
petites epines (fleches ), c) Siphonophanes grubii, d) ceuf de Branchipus laevicomis; e) vue interne de I’enveloppe chez 
Branchinectella media (noter les filaments — fleche), f) epines de Linderiella massaliensis (celles marquees d’line fleche 
sont cassees , g) coupe transversale de I’aeuf de Tanymastix stagnalis niontrant la structure spongieuse , h) detail de I’enveloppe 
ff’Artemia (a, l — couche alveolaire ). (fcchelles en |i in.) 
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fig. 8. — Cysts of Anostraca: a) Artemia (bisexual strain); b) idem , cracked cyst, c) Branchinella spinosa; d) Linderiella mass- 
ciliensis ; e) Branchinectella media ; f) Tanymastix stellae ; g) Tanymastix stagnalis ; h) immature cyst, Drepanosurus birostratus ; 
i) Chirocephalus orghidani ; j) Chirocephalus diaphanus ; k) Chirocephalus sal inns (common scale bar in fim). 

(Em/s d’Anostraca : Artemia (souche bisexuee); b) idem, ceuf dec hire; c) Branchinella spinosa; </) Linderiella massaliensis; 

Branchinectella media;/) Tanymastix stellae; g) Tanymastix stagnalis; h) ceuf immature, Drepanosurus birostratus; i) 
Chirocephalus orghidani; j) Chirocephalus diaphanus; k) Chirocephalus salinus (echelle commune en pm). 
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C. slovacicus (Fig. 9e), C. spinicaudatus (Fig. 9f), C. shadini (Fig. 9g), and C. josephinae 
(Fig. 9h), or have thin and high ridges in C. orghidani (Fig. 8i), C. diaphanus (Fig. 8j), C. salinus 
(Fig. 8k), and C. pelagonicus (Fig. 9a). As far as grouping distinctions are concerned (see Brtek 
& Thi£ry, 1995), a typical pattern seems to be dominant in each Chirocephalus group. In the 
bairdi-group (4 species), three species (C. orghidani - this paper. Fig. 8i; C. brevipalpis - 
Petkovskj 1991a, Fig. le; and C. kerkyrensis - MURA et al. , 1978. PI. 4; Mura, 1986, PI. 10; 
1992b, PI. 2.1, 2) have a pattern of polygonal areas formed by high and thin crests. This pattern 
is also present in Chirocephalus bairdi (Fig. lOa-c), a species of the Levant. Cysts of the last 



Fig. 9. — Cysts of Anostraca. a) Chirocephalus pelagonicus-, b) Chirocephalus diaphanus carinatus; c), d) C. chyzeri ; e) C. 
slovacicus ; f) C. spinicaudatus (note the verucose aspect under the external crust, arrows); g) C. shadini-, h) C. josephinae ; 
i) C. camuntanus (common scale bar in pm). 

(Eufs d'Anostraca: a) Chirocephalus pelagonicus; b) Chirocephalus diaphanus carinatus; c), d) C. chyzeri; e) C. slovacicus; 
f) C. spinicaudatus (noter Vaspect verruqueux, fleches); g) C. shadini; h) C. josephinae; i) C. camuntanus (echelle commune 
en \lm). 






Fig. 10. — Cysts of Anostraca: a), b) Chirocephalus bairdi: ; c) C. bairdi, detail of the surface; d) C. salinns, detail; e) C. orghidani, 
detail; f) C. shadini, (cf. Fig. 9g for minor differences); g) C. slovacicus ; h) C. josephinae; i), j), k),l) spines of Chirocephalus 
carnuntanus (scale bars in pm). 

CEufs d'Anostraca: a), b) Chirocephalus bairdi; c) C. bairdi, detail de la surface; d) C. salinus, detail; e) C. orghidani, 
detail; f) C. shadini (voir fig. 9g pour des petites differences); g) C. slovacicus; h) C. josephinae; i), j), k), l) epmes de 
Vceuf de Chirocephalus carnuntanus (ec he lies en \xm). 
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species, C. vornatscheri , are unknown. In the diaphanus-g roup (8 species), a cyst surface pattern 
of the type already described for the bairdi- group, is found in four species (C. diaphanus , C. 
salinus , C. pelagonicus - this paper, Figs 8j, k; 9a, and C. sibyllae - Mura, 1986, PI. 9.b, and 
1992b, PI. 2.7). A spiny appearance is observed in two species (C. diaphanus carinatus - this 
paper, and C. ruffoi - Mura, 1986, Pis 12 and 13.a, and 1992b, PI. 2.8, PI. 5.6), while only 
one has a smooth aspect (C. marchesonii - Mura, 1986, PI. 4, 1992b, PI. 2.9). Cysts of C. reiseri 
are unknown. The pristicephalns-g roup (4 species) is more heterogeneous with one spiny cyst 
(C. carnuntanus , Figs 9i; lOi, j, k, 1), one slightly verrucose (C. shadini , Fig. 9g), or sometimes 
more verrucose (Fig. lOf). and a cyst clearly bumpy (C. josephinae , Figs 9h, lOh). The spines 
of Chirocephalus camuntamis differ from those of C. diaphanus carinatus , Linderiella massal - 
iensis, and C. ruffoi (see Mura, 1986, Pis 12.b, 13.a) by their length and their “trident” aspect 
in their distal border (Fig. lOi-k). Cysts of the fourth species, Chirocephalus ripophilus , remain 
unknown. In the spinicaudatus-g roup (6 species), three cysts have a verrucose aspect (C. spini- 
caudatus , Fig. 9f; C. chyzeri , Fig. 9c, d; and C. slovacicus , Figs 9e; lOg); those of C. croaticus , 
horribilis , and robustus , are unknown. 

Chirocephalidae Eubranchipodinae (Figs 6, 7, 8): cysts of Drepanosnrus hankoi are spherical 
with irregular, unconnected low ridges or vertical lamellae, 10-15 pm high, non converging and 
situated without any regularity (Fig. 7a). The surface is also rugose. This pattern is described 
by Mura (1992b, Plate 5.2). As we could study the cyst of only one of the three European 
species of Drepanosums, nothing can be said about the generic pattern, but we can note that 
the pattern found in D. hankoi agrees with Daday’s description (1910, Fig. 33g, 1, p. 244) of 
D. birostratus whose cysts are ova superficie spinulosa , spinulis bacilliformibns. The cysts of 
D. birostratus described in the present study (Fig. 8h) are immature. No data are available for 
D. vladimiri. 

Cyst of Siphonophanes grubii somewhat resemble those of Drepanosnrus hankoi but with 
thin wrinkled low ribs, connected to one another (Fig. 6f, g), and arranged in a dense complex 
coral-like network delineating small irregular areas. The wrinkled ribs are 14-17 pm high 
(Fig. 7c). (see earlier descriptions made by Thiery & GaSC, 1991, Fig. 14, and Mura, 1992b, 
Plate 5.1. 

Chirocephalidae Branchinectellinae (Figs 7, 8): cysts of Branchinectella media are smooth 
(Figs 7e; 8e; ALONSO & ALCARAZ, 1984, Fig. 2.e) and superficially similar to those of Artemia. 
The structure of the shell, however, is clearly different, with an inner alveolar layer which consists 
of vertical strands approximately 15 pm long and 1-2 pm thick (Fig. 7e), while in Artemia it is 
only spongy (Fig. 7h). 

Notostraca. Triopsidae (Figs 11, 12): cysts are spherical with a smooth or finely rugose 
surface. Only the diameter can be used in identification but variation within each species (V. I. 
from 13 to 26%), makes distinction difficult, particularly between Triops cancriformis and Lepidu- 
rns couesii or between Lepidurus couesii and L. apns. 

Notostracans have the largest resting eggs with spherical cyst up to 400 pm in diameter 
(Fig. 12). Triops cancriformis , Lepidurus couesii and L. apus have the smallest cysts with re¬ 
spectively diameters of 350-400 pm, 425 pm and 430-520 pm. Lepidurus arcticus cysts are larger 
(603-621 pm) and have a rough surface while those of Lepidurus apus, L. couesii and Triops 
cancriformis are smooth (Figs 11, 12). The alveolar envelope is also thinner than in other 
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FIG. 11. — Cysts of Notostraca: a), b) Triops cancriformis ; c) idem , detail of surface; d) idem , cysts stuck on gravel; e) Lepidurus 
apus , cyst stuck on gravel (g). (Scale bars in gm.) 

(Eufs de Notostraca: a), b) Triops cancriformis; c) idem, detail de la surface; d) idem, ceuf colle a des graviers ; e) Lepidurus 
apus, ceuf colle sur un gravier (g). (fcchelles en \im.) 


notostracans (from 25 to 70 pm) while the alveolar layer reaches sometimes 110 Jim. As reported 
by Thiery (1985) and FRYER (1988) cysts are mostly covered with sediments and gravels 
(Fig. lid, e). 

Cysts of the Afro-Asian Triops numidicus , penetrating Europe only in Sicily and Majorca, 
is not illustrated here. A description is given in Thiery (1985, 1995), and Thiery (in press) 
(spherical and smooth cyst, diameter 610-740 pm). 

Spinicaudata (Figs 13, 14). Cyzicidae (Fig. 13): cysts of Cyzicus species are spherical, 
smooth with a very thin membrane (< 2 pm) covering a network of thin radiating and entangled 
setules (Fig. 13f, g, i) approximately 0.4 pm thick and 10-15 pm long (= the vitelline envelope 
sensu TOMMASINI & SCANABISSI SaBELLI, 1989). The membrane is sometimes cracked (Fig. 13f, 
i) allowing the setose envelope to be observed without any treatment. As discussed by Thiery 
& Gasc (1991) and Thiery (1995), this egg shell structure can be considered generic. For other 
descriptions of Cyzicus cysts see Daday (1914: Cyzicus tetracerus)\ Alonso & Alcaraz (1984: 
Cyzicus grubei ), Thiery (in press: Cyzicus gihoni ), and Thiery (in prep.: Cyzicus bucheti). 

Eocyzicus has a different egg shell pattern. The external surface of E. orientalis cyst is 
bumpy (Fig. 13h, j), as described by Daday (1914: Ova membrana concinne granulata tecta). 




Fig. 12. — Cysts of Notostraca: a) Lepidurus apus; b) surface of the cyst of Lepidurus arcticus with numerous craters (cr); c) 
Lepidurus couesii; d) cysts of Lepidurus apus glued together by cement (ce ); e) L arcticus, cross section of wall showing 
alveolar layer (a.L), embryonic cuticle (e.c.), crater (cr.); f) L apus , section of cyst wall with alveolar layer (a.L), inner layer 
(i.l ); g), h) surface of L apus cysts showing in h) the obliterated craters (arrows), (Scale bars in |im.) 

CEufs de Notostraca: a) Lepidurus apus, b) Lepidurus arcticus, rioter la presence de crate res (c.r.) en surface; c) Lepidurus 
couesii,* d) ceufs de Lepidurus apus agglutines par un cement (ce.); e) L. articus, coupe transversale de la paroi montrant 
la couche alveolaire (a.L), la cuticule embryonnaire (e.c) et les crateres (cr), f) L. apus, coupe transversale de la paroi, 
couche alveolaire (a,L), couche interne (id.); g), h) surface des (eitfs de L. apus montrant (en h)) des crateres obliteres 
(filches). (Echelles en \ltn) 














Fig 13 — Cysts of conchostracans (Spinicaudata): a), b), c) Limnadia lenticularis (b), c) same scale), d), e) Imnadia yeyeua 
(same scale), f), g) Cyzicus tetracerus', h) Eocyzicus orientalis (f), g), h) same scale), i) cracked egg shell, C. tetracerus ; 
j) outer surface, E orientalis (scale bars in Jim), 

CEufs de conchostraces (Spinicaudata ). a), b), c) Limnadia lenticularis (b), c) : meme echelle); d), e) Imnadia yeyetta (meme 
echelle ), f), g) Cyzicus tetracerus, h) Eocyzicus orientalis (f), g), h) meme echelle), i) enveloppe externe dechiree de 
C. tetracerus, j) surface externe de E orientalis (echelles en \xm). 
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A similar pattern has been described for other species of the genus by Samyiah et al. (1985; 
= Caenestheriella ), and Thiery (1987; 1995). Cysts of Eocyzicus propinqus , E. skorikowi and 
E . fade I were not available for our study. 

Leptestheriidae (Fig. 14): cysts of Leptestheria and Eoleptestheria are spherical and smooth 
with no clearly distinct differences (Fig. 14a-d). Species and genera of this family may be sep¬ 
arated by adult characters only. The cyst pattern of several species of the Leptestheriidae - small 
with a smooth surface - has already been presented by Botnariuc (1947, PI. 1, Fig. 7: Leptes¬ 
theria intermedia ), THIERY (1987, 1995: Leptestheria mayeti ), TOMMASINI & SCANABISSI SABELLI 
(1989, Figs 11, 12: Leptestheria dahalacencis ), and BRENDONCK et al. (1993: Leptestheria aegyp- 
tiaca ). 



Fig. 14. — Cysts of conchostracans (Spimcaudata and Laevicaudata): a)-c) Leptestheria dahalacencis ; d) idem, not fully mature 
cyst deformed by preparation for scanning; e) idem, surface; f) detail of surface, Eoleptestheria ticinensis ; g) Lynceus brachy- 
urus\ h) same species, detail of the surface showing depressions (arrows). (a)-d), g): same scale.) (Scale bars in pm.) 

(Eufs de conchostraces (Spinicaudata et Laevicaudata): a)-c) Leptestheria dahalacencis; d) idem, ceuf immature deforme 
par la preparation pour le scanning; e) idem, surface; f) detail de la surface chez Eoleptestheria ticinensis; g) Lynceus 
brachyurus; h) meme espece, detail des depressions de surface (fleches). (a)-d), g); meme echelle.) (Echelles en p m.) 
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LlMNADUDAE (Fig. 13): cysts of Limnadia and Imnadia are now well known (Thiery & 
Gasc, 1991). The present material supplies additional pictures but no new information. In Lim¬ 
nadia , the cyst is clam-shell like and biconcave with ridges converging to an apical point 
(Fig. 13a-c), so that Martin (1989) called them “twisted eggs”. No objective difference could 
be observed between the cysts of American populations described by Martin (1989) and those 
of European populations described by Sars (1896), Dad ay (1925), Zaffagnini (1967), and 
Thiery & Gasc (1991). 

Imnadia cysts have a spiral aspect (Fig. 13d, e), as illustrated by Botnariuc (1947), Btrek 
(1957, Fig. 2h), and THIERY & Gasc (1991). In both Limnadia and Imnadia the cyst patterns 
are unique in the “large branchiopods” and can be considered as generic. 

LAEVICAUDATA (Fig. 14): cysts of Lynceus brachyurus are spherical and look like a small 
golf-ball with more or less angular depressions (Fig. 14g, h). They are among the smaller cysts 
of European phyllopods (approximately 120 pm). Cysts of Lynceus andronachensis illustrated 
by BOTNARIUC (1947, PI. I, Fig. 15) resembles those of L. brachyurus. 


DISCUSSION 

From our observations, complemented by reliable data in the literature, it appears that the 
species present a relatively constant morphology of the mature cysts over their whole distribu¬ 
tional area. However, the fact that the surface pattern and size sometimes presents relative var¬ 
iability is hardly discussed by Mura (1991a, 1992a, b). In the case of phyllopods it is true that 
several species, occupying a large distribution area, present more or less important differences 
in size between populations of different habitats particularly between those in lowlands and high 
mountains (Thiery, 1987, in prep.; Belk et al ., 1990; Mura, 1991b). In these cases the size 
is statistically different but the external pattern remains quite similar. 

When species have cysts with similar surface patterns, their size usually allows their iden¬ 
tification. When the two characters are unable to allow a clear distinction, it is useful to consider 
the structure of the shell, as in the case of Artemia and Branchinectella media (spongy vs roots/pil¬ 
lars). Only a small number of species have markedly similar cysts ( Leptestheria and Eoleptes- 
theria in the Leptestheriidae, Branchinecta pahtdosa and B. ferox, the different species of the 
genus Tanymastix , and several notostracans). In the case of Branchinecta orientalis and B. minuta, 
the fact that the cysts closely resemble each other in pattern and size raises the question of an 
eventual synonymy, as was the case for Branchipas blanchardi and B. alpinus (see the respective 
cysts in Mura, 1986, PI. 13b, and Thiery & Gasc, 1991, Figs 16, 28). 

For about 80% of the European species, the combination of surface pattern/size is a valid 
means of species identification. In some other cases, e.g. Tanymastix , Branchipus , Cyzicus , cyst 
morphology presents only a generic peculiarity. 

As observed in most of species of Anostraca (Hellstrom & Nauwerck, 1971; Thiery, 
1987), the number of resting eggs is related to the length of the female. Except some cases 
(Belk et al. , 1990), the size of cysts is usually approximately constant from the first to last 
batches (Belk, 1977; Mura, 1991b). Considering the absolute value of the size of the cysts 
within the Anostraca, Notostraca, Spinicaudata and Laevicaudata, our study allows us to 
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distinguish three groups: notostracans with eggs larger than 450 pm, conchostracans with eggs 
less than 200 pm, and, between these groups anostracans with cysts from 250 to 450 pm. This is 
in accord with the gradient found by Thiery (1987) for Moroccan “large branchiopods”, by THIERY 
& Gasc (1991) for French species, and by Brendock et al. (1993) for tropical African species. 

Our study needs, however, to be completed by the description of cysts of species which 
are lacking in this paper (lack of material such as Chirocephalus ripophilus , C. robustus , C. 
reiseri, C. horribilis , or immature cysts such as in the case of Drepanosurus birostratus). Also, 
even though egg morphology seems to be a useful species- or genus-specific character, the full 
extent of its taxonomic value in some cases remains limited. Some cysts of different species 
are very similar. Despite cases which are the subject of conflicting opinions, cyst morphology, 
shape, and size taken together often represent a useful adjunct to identification which should 
be included along with classical species descriptions, as was done for example by MAEDA- 
Martinez et al. (1992, 1993), and SMITH (1992). However, the choice of cysts (maturity level) 
and measurements need stringent attention, to avoid the confusions or errors (erroneous scale 
bars) which cause some data to be unusable. (Errors and omissions found in all references about 
cysts are noted in Table I). 

Cyst data also provide additional support for the close relationship recognized between cer¬ 
tain anostracans on other grounds by Daday (1910). For example, in the Chirocephalidae, if 
the cyst morphology pattern of different species follows in part the groups determined on classical 
characters of the male (antennae, penes), it is sometimes discordant ( e.g. the heterogenous Pris- 
ticephalus-group). In consequence it will be interesting to study large series of cysts from different 
populations to prove or disprove statistically that the size of cysts is more or less constant and 
not correlated with the length/age of the female. It will be also useful to consider whether size 
is linked with altitude, as in Triops cancriformis and Chirocephalus diaphanus in Morocco 
(THIERY, 1987), or in Chirocephalus in Italy (Mura, 1991b). 

Finally, the morphological study of cysts has reached its limits and needs to be completed 
by biochemical studies which may provide insights into the formation of so great a variety of 
egg shells in the “large branchiopods” (spiny, bumpy, lenticular, spiral, twisted, smooth, etc.). 
Research dealing with this subject, previously discussed by Thiery (1987, p. 338), is in progress. 
We think also that isoelectric focusing data could help to clarify the taxonomy of several families, 
the Chirocephalids for example. This technique could also measure the genetic distance between 
the five endemic species of Branchipus , the genetic distance between the Linderiellidae and 
Chirocephalidae, between Leptestheria and Eoleptestheria , and help determine a hierarchy in 
characters (importance of the cyst vs penes, or antennae). We will use biochemical methods 
which were initiated in anostracan studies by SlEDEL & Simpson (1984), Navarro et al. (1987), 
Requintina & Simpson (1987), Fugate (1992), Thiery & Fugate (1994), for more extensive 
research. 


Acknowledgements 

We thank Dr G. Fryer for the loan of specimens of Lepidurus arcticus from Iceland, Dr N. A. 
Akatova (Saint Petersbourg), Pr G. Mura (Roma), Dr S. Petkosvki (Skopje), and Dr N. Vkkhoff (Mos¬ 
cow), for several preserved anostracans, and Dr D. Defaye (MNHN Paris) for access to the Museum 
collections. The first author thanks Dr D. Belk and Pr H. J. Dumont for their useful remarks. 



— 129 — 


REFERENCES 


ABATZOPOULOS, T. J., C. D. TRIANTAPHYLLIDIS & C. Kastritsis, 1987. — Preliminary studies on some Artemia 
populations from northern Greece. In: Artemia research and its Applications , Vol. I. Morphology\ Genetics, 
Strain characterization, Toxicology , edited by P. Sorgeloos, D. A. Bengtson, W. Decleir & E. Jaspers. 
Universa Press, Wetteren, Belgium, pp. 107-114. 

ALONSO, M., 1985. — A survey of the Spanish Euphyllopoda. Miscell. Zool., 9: 179-208. 

— 1989. — Branchipus blanchardi Daday, 1908 in the Alps: redescription from type locality and synonymy 
with B. alpinus Colosi, 1922 (Crustacea, Anostraca). Annals Limnol ., 25: 47-53. 

Alonso M., & M. Alcaraz, 1984. — Huevos resistentes de crustaceos eufilopodos no cladoceros de la peninsula 
Iberica: Observacion de la morfologia externa mediante tecnicas de microscopia electronica de barrido. 
Oecoi aquat., 7: 73-78. 

ALONSO, M., & D. JAUME, 1991. — Branchipus cortesi n. sp.: a new anostracan from western Spain (Crustacea, 
Branchiopoda). Hydrobiologia, 212: 221-230. 

AL-TlKRITY, M. R., & J. N. R. GRAINGER, 1990. — The effect of temperature and other factors on the hatching 
of the resting eggs of Tanymastix stagnalis (L.) (Crustacea, Anostraca). J. therm. Biol , 15 (1): 87-90. 
Amat, F., 1982. — Diferenciation y distribution de las poblaciones de Artemia de Espana. IV. Biometria de 
quistes y nauplius. Inv. Pesq., 46: 55-62. 

ARNOULT, J., 1951. — Sur la presence d'Apus de couleur rose dans la region toulousaine. Bull. Soc. Hist. nat. 
Toulouse , 86 : 286-290. 

Belk, D., 1977. — Evolution of egg size strategies in fairy shrimps. Soutwest. Nat., 22: 99-105. 

BELK, D., 1989. — Identification of species in the conchostracan genus Eulimnadia by egg shell morphology. 
J. Crust. Biol, 9 (1): 115-125. 

Belk, D., G. Anderson & S.-Y. Hsu, 1990. — Additional observations on variations in egg size among popu¬ 
lations of Streptocephalus seali (Anostraca). J. Crust. Biol ., 10 (1): 128-133. 

BOTNARIUC, N., 1947. — Contributions a la connaissance des phyllopodes conchostraces de Roumanie. Notat. 
Biol, 5 (1-3): 68-158 +11 pis. 

Braem, F., 1893. — Bemerkungen iiber die Gattung Apus. Zeit. wiss. Zool., 56: 165-187 + pi. 9. 

Brendonck, L., A. Thiery & A. COOMANS, 1990. — Taxonomy and biogeography of the Galapagos branchiopod 
fauna (Anostraca, Notostraca, Spinicaudata). J. Crust. Biol, 10: 676-694. 

Brendonck, L., M. Hamer & A. Thiery, 1992. — Occurrence of tetrahedral eggs in the Streptocephalidae 
Daday (Branchiopoda: Anostraca) with descriptions of a new sub genus, Parastreptocephalus , and a new 
species, Streptocephalus ( Parastreptocephalus ) zuluensis Brendonck & Hamer. J. Crust. Biol ., 12 (2): 282- 
297. 

Brendonck, L., D. M. Centeno & G. Persoone, 1993. — Fecundity and resting egg characteristics of some 
subtropical fairy shrimp and clam shrimp species (Crustacea: Branchiopoda), reared under laboratory con¬ 
ditions. Arch. f. Hydrobiol ., 126 (4): 445-459. 

Brtek, J., 1957. — Imnadia voitestii Botn. and Org. 1941 (Imnadiidae, Phyllopoda, Conchostraca) na juhozapad- 
nom slovensku. Biologia Bratislava, 12 (1): 63-67. 

— 1959. - Branchinecta ferox (M. Edw.) in der Slowakei und Bemrkungen zu einigen Palearktischen Arten der 

Gattung Branchinecta. Biologia Bratislava, 14 (3): 197-213. 

— 1964. — Eine neue Gattung und Familie der Ordnung Anostraca. Annot. Zool. Bot. Bratislava, 7:1-7. 

— 1966. — Einige notizen zur taxonomie der Familie Chirocephalidae Daday, 1910. Annot. Zool. Bot. 
Bratislava , 33: 1-42 + 21 tab. 

— 1971. — Chirocephalus slovacicus n. sp. Annot. Zool Bot. Bratislava , 69: 1-8. 

Btrek, J., & A. Thiery, 1995. — The geographic distribution of European branchiopods (Crustacea: Anostraca, 
Notostraca, Spinicaudata, Laevicaudata). Hydrobiologia (in press). 

BUCHHOLZ, R., 1864. —Branchipus grubii (Dybowski). Schrift. konig. physik.-okononi. Gesell. Konig., 5: 93-108 
+ pi. 3. 

Burmeister, E. G., 1982. — Ein Beitrag ziir Biologie und Populationsstruktur von Lepidurus apus L. (Crustacea, 
Notgstraca). Spixiana , 5( 2): 193-209. 



— 130 — 


CASTRITSI-CATHARIOS, J., M. CHRISTODOULOPOULOU, A. AIVATZIDOU & B. KlORTSIS, 1987. — Biometrics of 
Artemio from Milos (Greece), In: Artemia reseorch and its Applications, Vol. 1. Morphology, Genetics, 
Strain characterization, Toxicology, edited by P. SORGEEOOS, D. A. BENGTSON, W. DECLEIR, & E. JASPERS. 
Universa Press, Wetteren, Belgium, pp. 219-220. 

Cesar, I. I., 1989. — Comparative study on the resting eggs of several anostracans (Crustacea). Key for the 
determination of the species based upon the egg structure and diameter. Studies on neotropical Foiuio ond 
Environment, 24 (4): 169-181. 

Champeau, A., & A. THIERY, 1990. — Les crustaces entomostraces des eaux stagnantes de Corse. Importance 
particuliere des especes monovoltines m^diterraneennes de Copepodes CalanoVdes et d’Anostraces dans le 
Sud-Est de Pile. Bull Soc. Zool Fr., 115 (1) : 55-75. 

COTTARELLI, V., & G. Mura, 1975. — Une nuova specie di Anostraco (Crustacea, Branchiopoda) dell’Italia 
peninsulare: Chirocepholus sihylloe. Boll Zool, 42: 187-196. 

— 1979a. — Reperti inediti di Crostacei Anostraci, Notostraci e Concostraci di Calabria e Sicilia. Boll Mus. 
Civ. St. Nat. Verono, 6: 353-361. 

— 1979b. — Chirocepholus kerkyreusis Pesta (Euphyllopoda): notizie sulla distribuzione e nuove osservazioni 
sul ciclo biologico della specie. Riv. Idrobiol, 18 (1): 75-95. 

— 1983. — Anostraci, Notostraci, Concostraci (Crustacea: Anostraca, Notostraca, Conchostraca). Guide per il 
riconoscimento delle specie animale delle acque interne italiane, 18, AQ/J/194 Consiglio Nozionale delle 
Ricerche , 71 pp. 

— 1984. — Chirocephalus ruffoi n. sp. (Crustacea, Euphyllopoda, Anostraca) di acque astatiche d’alta quota 
dell’Appennino Calabro-Lucano. Boll. Mus. Civ. St. Not. Verona, 11: 515-523. 

Daday, E., 1910. — Monographic systematique des phyllopodes anostraces. Annls. Sci. nat., Zool, 9 e serie, 9 : 
91-489. 

— 1914. — Monographic systematique des Phyllopodes Conchostraces. Annls. Sci. nat., Zool, 9 C serie, 20 : 
39-330. 

— 1923. — Monographic systematique des Phyllopodes Conchostraces. Deuxi£me Partie : (Fam. Leptestheriidae 
Dad.). Annls. Sci. nat., Zool, 10 e serie, 6: 255-390 (=331-466). 

— 1925. — Monographic systematique des Phyllopodes Conchostraces. Troisieme Partie: (Fam. Limnadiidae 
G. O. Sars). Annls. Sci. nat., Zool., 10 e serie, 8: 463-504. 

— 1926. — idem, Troisieme Partie (suite). Annls. Sci. nat., Zool., 10 e serie, 9: 505-585. 

— 1927. — idem, Troisieme Partie (fin). Annls. Sci. not., Zool, 10 e serie, 10: 587-698. 

De Walsche, C., N. Munuswamy & H. J. Dumont, 1991. — Structural differences between the cyst walls 
of Streptocephalus dichotouius (Baird), 5. torxncornis (Waga), and Thomnocephalus plotyurus (Packard) 
(Crustacea: Anostraca), and a comparison with other genera and species. Hydrobiologia , 212: 195-202. 

FREINER, D., & O. Gruttner, 1984. — Der Eichener Kiemenfusskrebs. Notnr Mus., 114 (10): 273-286. 

FRYER, G., 1987. — A new classification of the branchiopod Crustacea. Zool. J. Linn. Soc., 97: 357-383. 

— 1988. — Studies on the functional morphology and biology of the Notostraca (Crustacea: Branchiopoda). 
Phil Trans. Roy. Soc. London, B Biol. Sci., 321 (1203): 27-124. 

FUGATE, M., 1992. — Branchinecta sandiegonensis, a new species of fairy shrimp (Crustacea: Anostraca) from 
western North America. Proc. Biol. Soc. Wash., 106 (2): 296-304. 

GaRREAU DE LOUBRESSE, N., 1982. — La s£cr£tion de glandes a activite cyclique: les glandes coquill&res d un 
Crustace. Thesis Doct. es Sciences, University of Paris VI, 171 pp. 

GHIGI, A., 1921. — Ricerche sui Notostraci di Cirenaica e di altri paesi del mediterraneo. Atti Soc. Ital. Sci. 
Notur. Mus. Civ. Stor. Natur. Milano , 60 (2): 161-188 + pi. 6. 

Gilchrist, B. M., 1978. — Scanning Electron Microscope studies of the egg shell in some Anostraca (Crustacea: 
Branchiopoda). Cell Tiss. Res., 193: 337-351. 

HALL, R. E., & L. J. MacDonald, 1975. — Hatching of the anostracan branchiopod Chirocepholus diaphonus 
Prevost I. Osmotic process and the possible role of glycerol. Hydrobiologia, 46 (4): 369-375. 

HELLSTROM, B. G., & A. Nauwerck, 1971. — Zur Biologie und Populationsdynamik von Polyarteuiia forcipota 
(Fischer). Rep. Inst. Freshwat. Res. Drottiugholm, 51: 47-66. 

Kupka, E., 1940. — Untersuchungen iiber die Schalenbildung und Schalenstruktur bei den Eiern von Branchipus 
schoefferi (Fischer). Zool. Anz ., 132: 130-139. 



— 131 — 


LEREBOUILLET, A., 1866. — Observations sur la g6n£ration et le developpement de la limnadie de Hermann 

(Limnadia hermanni Ad. Brogn.). Annls. Sci. nat., Zool ., serie 5, 5: 283-308 + pi. 12. 

LINDER, F., 1941. — Contributions to the morphology and the taxonomy of the Branchiopoda Anostraca. Zool. 
Bidr. Uppsala, 20: 101-302. 

LONGHURST, A. R., 1955. A review of the Notostraca. Bull. British Mus. (nat. Hist.) Zool., 3 (1): 1-57. 

Maeda-Martinez, A. M., H. Obregon-Barboza & H. J. Dumont, 1992. — Branchinecta helki n. sp. 

(Branchiopoda: Anostraca), a new fairy shrimp from Mexico, hybridizing with B. packardi Pearse under 
laboratory conditions. Hydrobiologia, 239: 151-162. 

— 1993. — Branchinecta mexicana, new species (Branchiopoda: Anostraca), a fairy shrimp from Central Mex¬ 
ico. J. Crust. Biol., 13 (3): 585-593. 

Maier, G., & U. Tessenow, 1983. — Tanymastix stagnalis: Vorkommen im Hannoverschen Wendland und Be- 
funde zur Larvalentwicklung (Crust., Anostraca). Abh. naturwiss. Ver. Hamburg, (NF), 25: 351-355. 

MaillaRD, Y., & J. Baudet, 1980. — La faune planctonique des eaux les plus sursalees des salines. Bull. Soc. 
Sc. Nat. Ouest Fr. (Suppl. H. S.): 225-238. 

MAJIC, A , & I. VUKADIN, 1987. — Preliminary report on the brine shrimp (Artemia) from Yugoslav saltworks. 
In: Artemia research and its Applications, Vol. 3. Ecology, Culturing, Use in aquaculture. Edited by P. SOR- 
GELOOS, D. A. BENGTSON, W. Decleir & E. JASPERS. Universa Press, Wetteren, Belgium, pp.145-149. 

Margalef, R., 1947. — Estudios sobre la vida en las aquas continentales de la region endorreica manchega. 
P. Inst. Biol. Api, 4: 5-52. 

Margraf, J., & B. Maass, 1982. — Zur Okologie der tempraren Siisswasserflachseen des Tafelbergs “Giara 
di Gesturi” auf sardinien. Spixiana, 5 (1): 69-99. 

Martin, J. W., 1989. — Eulimnadia belki, a new clam shrimp from Cozumel, Mexico (Conchostraca: Lim- 
nadiidae), with a review of Central and South American species of the genus Eulimnadia. J. Crust. Biol., 
9 (1): 104-114. 

Martin, J. W., & D. BELK, 1989. — Eulimnadia ovilunata and E. ovisimilis, new species of clam shrimps 
(Crustacea, Branchiopoda, Spinicaudata) from South America. Proc. Biol. Soc. Wash., 102: 894-900. 

Mathias, P., 1937. — Biologie des crustaces phyllopodes. Act. Sci. lnd., Bibl. Soc. Phil. Paris, Hermann ed., 
447: 107 pp. 

MaZZINI, M., 1978. — Scanning electron microscope morphology and amino-acid analysis of the egg-shell of 
encysted brine shrimp Artemia salina Leach (Crustacea Anostraca). Monitore zool. ital. (N.S.) 12: 243-252. 

MORRIS, J. E., & B. A. AFZELIUS, 1967. — The structure of the shell and outer membranes in encysted Artemia 
salina embryos during cryptobiosis and development. J. Ultrast. Res., 20: 244-259. 

MUNUSWAMY, N., T. SUBRAMONIAM & G. Mura, 1985. — Ootaxonomic findings on anostracan eggs: a scanning 
electron microscopic study. Cytobios, 42: 93-97. 

Mura G., 1986. — SEM morphological survey on the egg shell in the Italian anostracans (Crustacea, 
Branchiopoda). Hydrobiologia, 134: 273-286. 

—1991a. — SEM morphology of resting eggs in the species of the genus Branchinecta from North America. 
J. Crust. Biol., 11 (3): 432-436. 

— 1991b. — Additional remarks on cyst morphometries in anostracans and its significance. Part 1: egg size. 
Crustaceana, 61 (3): 241-252. 

—1992a. — Pattern of egg shell morphology in thamnocephalids and streptocephalids of the New World (Anos¬ 
traca). Crustaceana, 62 (3):300-311. 

— 1992b. — Additional remarks on cyst morphometries in anostracans and its significance Part II: egg mor¬ 
phology. Crustaceana, 63 (3): 225-246. 

MURA, G., F. ACCORDI & M. Rampini, 1978. — Studies on the resting eggs of some fresh water fairy shrimps 
of the genus Chirocephalus: biometry and scanning electron microscopic morphology (Branchiopoda, Anos¬ 
traca). Crustaceana, 35 (2): 190-194. 

Mura, G., & A. Thiery, 1986. — Taxonomical significance of scanning electron microscopic morphology of 
the euphyllopods’ resting eggs from Morocco. Part I. Anostraca. Vie Milieu, 36 (2): 125-131. 

Navarro, J. C., P. Requintina, F. Amat & K. L. Simpson, 1987. — Primeros datos sobre los patrones isozimicos 
de las cepas autoctonas de Artemia. Cuad. Marisq. Publ. Tec., 12: 549-552. 

ORGHIDAN, T. N., 1947. — Un phyllopode anostraca nouveau trouve en Roumanie (Branchipus intermedins n. 
sp.). Bull. sect. Sci. Acad. Routn., 29 (6): 384-391. 



— 132 — 


Petkovski, S., 1986. — The fairy shrimp Chirocephalus pelagonicus n. sp. (Crustacea: Branchiopoda) from 
Macedonia. Fragut. Bale. Mus. Maced. Sci. Natar. 13, 3/281: 15-26. 

— 1991a. — The fairy shrimp Chirocephalus brevipalpis (Orghidan, 1953) (Crustacea: Anostraca) in 
Yugoslavia. Hydrohiologia, 212: 261-266. 

— 1991b. — On the presence of the genus Branchinecta Verrill, 1869 (Crustacea, Anostraca) in Yugoslavia. 
Hydrohiologia, 226: 17-27. 

— 1995. — On the presence of the genus Tanymastix Simon, 1886 (Crustacea: Anostraca) in Macedonia. 
Hydrohiologia, 298: 307-313. 

POISSON, R., J. LeCalvez & R. SELLIER, 1946. — Quelques observations biologiques sur Chirocephalus 
diaphanus Prevost (Crustac£ Phyllopode, Anostrace). C. r. Seances Acad. Sc. Paris, 223: 690-691. 

REAU De La GAIGNONNIERE (DU), L., 1908. — Note sur l’apparidon frequente de Lepidurus productus (Leach) 
aux environs d’Angers. Bull. Soc. Sc. Nat. Ouest , 2 e s£r., 8: 187-191. 

REQUINTINA, J. P. D., & K. L. SIMPSON, 1987. — International study on Anemia XLV. Geographical and 
developmental changes in isozymes of Artemia as separated by isoelectrofocusing. In: Artemia research 
and its Applications. Morphology , Genetics , Strain characterization, Toxicology. Edited by P. SORGELOOS, 
D. A. BENGTSON, W. DECLEIR & E. JASPERS. Universa Press, Wetteren, Belgium, pp. 157-166. 

Samyiah, N., K. VENKATARAMAN & S. Krishnaswamy, 1985. — Morphology of three species of conchostraca 
using scanning electron microscope. Curr. Sci., 54 (17): 869-871. 

Sars, G. O., 1896. — Phyllocarida & Phyllopoda. hi: Fauna Norvegiae, Vol. 1. Christiana. 

SCANABISSI SABELLI, F., & S. TOMMASINI, 1992. — Origin and chemical composition of egg cement in Con¬ 
chostraca Leptestheriidae (Crustacea, Branchiopoda). Inv. Reprod. Dev, 21 (2): 113-120. 

SiEDEL, C. R., & K. L. SIMPSON, 1984. — Rapid differentiation of Artemia sp. populations by thin layer isoelectric 
focusing. Aquacult. Eng., 3: 303-316. 

SMITH, D. G., 1992. — A redescription of types of the Clam shrimp Eulininadia agassizii (Spinicaudata: Lim- 
nadiidae). Trans. Am. Microsc. Soc., Ill (3): 223-228. 

Spotte, S., & G. ANDERSON, 1988. — Chemical decapsulation of resting cysts of the anostracans Artemia 
franciscana and Streptocephalus seali as revealed by scanning electron microscopy. J. Crust. Biol., 8 (2): 
221-231. 

Straskraba, M., 1965a. — Taxonomic studies on Czechoslovak Conchostraca, 1. Family Limnadiidae. 
Crustaceana, 9: 263-273. 

— 1965b. — Taxonomical studies on Czechoslovak Conchostraca II. Families Lynceidae and Cyzicidae. Act 
Soc. zool. bohem., 29 (3): 205-214. 

— 1966. — Taxonomical studies on Czechoslovak Conchostraca. Ill, family Leptestheriidae. Hydrohiologia, 
27: 571-589. 

Thiery, A., 1985. — Ponte et ultrastructure de Poeuf chez Triops granarius Lucas (Crustacea, Notostraca): 
adaptations a l’assechement de l’habitat. Verh. Internat. Verein. Liinnol., Stuttgart , 22 (5): 3024-3028. 

— 1987. — Les Crustaces Branchiopodes Anostraca, Notostraca et Conchostraca des milieux limniques tem- 
poraires (Dayas) au Maroc. Taxonomie, biogeographie, £cologie. Thesis Doct. es Sciences, Universite Aix- 
Marseille Ill, 405 pp. 

— 1995. — Anostraca, Notostraca, Spinicaudata and Laevicaudata (Crustacea Branchiopoda), from continental 
temporary waters of Arabic peninsula. Fauna Saudi Arabia, 15: (in press). 

THIERY, A., & A. Champeau, 1988. — Linderiella inassaliensis, new species (Anostraca: Linderiellidae), a fairy 
shrimp from Southeastern France, its ecology and distribution. J. Crust. Biol., 8 (1): 70-78. 

Thi£ry, A., & C. Gasc, 1991. — Resting eggs of Anostraca, Notostraca and Spinicaudata (Crustacea, 
Branchiopoda) occurring in France: identification and taxonomical value. Hydrohiologia, 212: 245-259. 

THIERY, A., & F. ROBERT, 1992. — Bisexual populations of the brine shrimp Artemia in Sete-Villeroy and 
Villeneuve saltworks (Languedoc, France). Int. J. Salt Lake Res., 1: 47-63. 

THIERY, A., & M. FUGATE, (1994). — A new American fairy shrimp, Linderiella santarosae sp. nov. (Crustacea, 
Anostraca, Linderiellidae), from vernal pools of California, U.S.A. Proc. Biol. Soc. Wash, (in press). 

Tommasini, S., & F. SCANABISSI SABELLI, 1989. — Egg-shell origin and structure in two species of Conchostraca 
(Crustacea, Phyllopoda). Zoomorphology, 109: 33-37. 

Tommasini, S., F. Scanabissi Sabelli & M. Trentini, 1989. — Scanning electron microscope study of egg¬ 
shell development in Triops cancriformis (Bose) (Crustacea, Notostraca). Vie Milieu, 39 (1): 29-32. 


— 133 — 


Triantaphyllidis, G. V., T. J. ABATZOPOULOS, R. M. Sandaltzopoulos, G. Stamou & C. D. Kastritsis, 
1993. — Characterization of two new Artemia populations from two solar saltworks of Lesbos Island 
(Greece): biometry, hatching characteristics and fatty acid profile, hit. J. Salt Lake Res., 2 (1): 59-68. 

VALOUSEK, B., 1952. — Pokusy’s Euphyllopody. Act. Acad. Sci. Nat. Morav.-Siles ., 24 (10): 207-230. 

Vanhaecke, P., & P. SORGELOOS, 1980. — International study on Artemia IV. The biometrics of Artemia strains 
from different geographical origin. In: The brine shrimp Artemia,Vol. 3. Ecology, Culturing, Use in aqua¬ 
culture. Edited by G. Persoone, O. ROELS, & E. JASPERS. Universa Press, Wetteren. Belgium, pp. 393-405. 

VIERA, M. D. N., & F. AMAT, 1985. — Artemia sp. from Aveiro: its characterization. Public. Instit. Zool. “Dr. 
Augusto Nobre”, Fac. Cienc. Porto , 191: 1-9. 

VlLELA, M. H., & M. A. CASTELLO Branco, 1987. — Characterization of Portuguese Artemia strains. In: Artemia 
Research and its Applications , Vol. I: Morphology, Genetics, Strain characterization. Toxicology. Edited 
by P. SORGELOOS, D. A. Bengtson, W. Decleir & E. Jaspers. Universa Press, Wetteren, Belgium, pp. 
211-217. 

ZAFFAGNINI, F., 1967. — Contributo alia conoscenza della biologia riproduttiva dei fillopodi concostraci. I. Os- 
servazioni sulfaccrescimento e sul ciclo riproduttivo di Limnadia lenticularis (L.). Mem. 1st. Ital. Idrobiol ., 
21: 105-115. 

— 1970. — Origine e natura delle membrane che avolgono Tuovo di Limnadia lenticularis (Crustacea: Con- 
chostraca). Boll. Zool., 37: 139-149. 

ZOGRAF, N„ 1907. — Phyllopodenstudien. Zeit. f. W/ss. Zool., 86: 446-522 + Pis. 21-24. 

ZwOLSKl, W., 1956. — Materialy do znajomosci liscionogow wlasciwych (Euphyllopoda) Polski. Ann. Univ. M. 
Curie-Sklodowska (Lublin) Sect. C, 11: 1-23. 


TABLE 1. — Recapitulative list of cyst measurements of European “phyllopods”. Species cited in the checklist of BRTEK & 
THIERY (1995) which are not in this table have cysts which remain unknown, n = number of measured cysts, V. I. = variation 
index, S = standard error, x = mean. The symbol /?/ in the column of measurements indicates that the value is doubtful, 
corresponding most of the time to a scale-bar error. 

Liste recapitulative des mesures des ceufs des especes de « phyllopodes » actuellement connues en Europe. Les ceufs des 
especes citees dans la liste de Brtek & Thiery (1995) qui ne sont pas dans ce tableau ne sont pas connus. n = nombre 
d'ceufs mesures, V. I. = indice de variation (en %), x = moyenne, S - erreur standard. Le symbole /?/ dans la colonne des 
mesures indique que la valeur liree d’une reference bibliographique esl douteuse, la plupart du letups suite a une erreur 
d'echelle. 


SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 

ANOSTRACA 




Polyartemia forcipata 

527 pm (n = 1) 

This study 

Russia 

(V. I. = 15.76 %) 

0.45 mm 

Hellstrom & Nauwerck 
(1971) 

Sweden 

Branch ineeta ferox 

386 - 412 pm (n = 6) 

This study 

Slovakia 

(V. I. = 24.61 %) 

352 - 383 pm (n = 3) 

This study 

Slovakia 


0.36 - 0.42 mm 

Alonso (1985) 

Spain 


error in scale 

Alonso & Alcaraz (1984) 

Spain 


438 pm 

Mura & Thiery (1986) 

Morocco 


342 pm 

Petkovski (1991/?) 

Yugoslavia 


0.241 mm 

(cysts clearly immature) 

i C6sar (1989) 

MHN Paris 
without reference 

Branchinecta minuta 

290 - 305 pm (n = 3) 

This study 

Russia 
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SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 

Branchinecta orientalis 

277 - 280 jam (n = 2) 

This study 

Austria 

(V. I. = 37.40 %) 

219 nm 

Alonso & Alcaraz (1984) 

Spain 


0.22 - 0.32 mm 

Alonso (1985) 

Spain 


263 (am 

Petkovski (19916) 

Yugoslavia 

Branchinecta paludosa 

394 - 442 jam (n = 3) 

This study 

Slovakia 

(V. I. = 47.64%) 

264 jam /?/ 

Mura (1991a) 

North America 


320 - 325 jam (n = 15) 

This study 

Russia 


0.396 mm 

Cesar (1989) 

MNHN Paris 
without reference 


0.27 - 0.38 mm 
(x = 0.35 mm, n > 30) 

Belk (1977) 

USA-Arizona 

Branchinecta tolli 
(V. I. = 7.43 %) 

311 - 335 nm (n = 7) 

This study 

Russia 

Artemia parthenoge - 
netica 

216 - 269 jam [x = 240.3 jam, 
SD = 18.43, n = 10] 

This study 

France 

(V. I. = 27.51 %) 

220 - 270 jam 

Thiery & Gasc (1991) 

France 


241.2 jam 

VlDELA & CASTELA BRANCO 

(1987) 

Portugal 


259 jam 

VANHAECKE & SORGELOOS 

(1980) 

France 


266 jam (n = 50) 

Vieira & Amat (1985) 

Portugal 


238.8 jam 

Thi£ry & Robert (1992) 

France 


251.8 - 263.1 jam 

Castritsi - Catharios et aL 
(1987) 

Greece 


260.1 - 264.7 jam (n = 500) 

Abatzopoulos et al. (1987) 

Greece 


270.1 - 279.3 jam 
(in laboratory culture) 

Abatzopoulos et al. (1987) 

Greece 


208 - 234 jam (n = 14) 

Thiery (in press) 

Saudi Arabia 


15.3 - 28.9 |am /?/ 

(x = 24.1 jam) 

Majic & Vukadin (1987) 

Yugoslavia 


259.6 jam 

VANHAECKE & SORGELOOS 

(1980) 

France (Aigues-Mortes) 


276.3 jam 

VANHAECKE & SORGELOOS 

(1980) 

France (Lavalduc) 


264.4 jam 

VANHAECKE & SORGELOOS 

(1980) 

France (Salins de Giraud) 


257.8 jam 

VANHAECKE & SORGELOOS 

(1980) 

France (Salins d'Hyeres) 


253.6 jam 

VANHAECKE & SORGELOOS 

(1980) 

Spain 


284.9 jam 

VANHAECKE & SORGELOOS 

(1980) 

Italy 

_i 
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SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 


0.20 - 0.25 mm 

Mathias (1937) 

France 


255.39 Jim (n = 655) 

Triantaphyllidis et til. 
(1993) 

Greece Lesbos Island- 
Kallon 


269.71 Jim (n = 111) 

Triantaphyllidis et al. 
(1993) 

Greece Lesbos 
Polychnitos 

Artemia tunisiana 

208 - 286 Jim (n = 5) 

This study 

France (Sete) 

(bisexual) 

231.2 - 268.0 Jim 

VlDELA & CASTELA BRANCO 

(1987) 

Portugal 

(V. I. = 31.57 %) 

245 Jim 

Thiery & Gasc (1991) 

France (Sete) 


245.3 Jim 

Thiery & Robert (1992) 

France (Sete) 


222-234 Jim 

(probably a New World bi¬ 
sexual strain-not A. tunisiana) 

Maillard & Baudet 
(1980) 

France (Guerande) 

Branchipus blanchardi 

288 - 290 urn (n = 3) 

This study 

France 

(Alps-Cristol plateau) 

(V. 1. = 19.18 %) 

300 pm 

Thiery & Gasc (1991) 

France 

(Alps-Cristol plateau) 


# 0.35 mm 

Alonso (1989) 

France (Alps) 


291 pm 

Mura (1986) 

Italy (Alps) 

Branchipus cortesi 

0.25 mm 

Alonso & Jaume (1991) 

Spain 

Branchipus intermedius 

200 pm 

Orghidan (1947) 

Romania 

Branchipus schdefferi 

228 - 270 pm (n = 5) 

This study 

France (Languedoc) 

(V. I. = 42.36 %) 

205 - 250 pm (n = 4) 

This study 

France (Crau) 


238 - 253 pm (n = 4) 
syn. visnyai 

This study 

Slovakia 


254 pm - syn. visnyai 

Mura (1986) 

Italy 


195 pm 

Kupka (1940) 

not indicated 


0.25 mm 

Gilchrist (1978) 

not indicated 


0.2 - 0.3 mm 

Alonso (1985) 

Spain 


0.2 - 0.28 mm 

Mathias (1937) 

not indicated 


320 pm /?/ 

Mura (1986) 

Italy 


253 pm 

Mura & Thiery (1986) 

Morocco 


260 - 289 pm (n = 10) 

Thiery (1995) 

Saudi Arabia 

Tanymastix mot as i 

0.35 mm 

Pf.tkovski (1995) 

Macedonia 

Tanymastix stagnalis 

300/313 -192/195 pm (n = 5) 

This study 

France 

(V. 1. = 55.52 %) 

0.233 / 0.164 mm 

Garreau de Loubresse 
(1982) 

France 


337.8 pm 

Alonso & Alcaraz (1984) 

Spain 


0.40 - 0.43 mm 

Alonso (1985) 

Spain 
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SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 


0.43 mm 

Al-Tikrity & Grainger 
(1990) 

Ireland 


0.35 - 0.40 mm 

Petkovski (1995) 

Macedonia 

Tanymastix stellae 

370 pm 

Champeau & Thi£ry 
(1990) 

Corsica 


485 |im /?/ 

Mura (1986) 

Sardinia 

Branchinella spinosa 

250 - 260 pm 

Mura (19926) 

Italy 

(V. I. = 15.35 %) 

260.1 pm 

Thi£ry & Gasc (1991) 

France (Camargue) 


223 pm 

Mura & Thi£ry (1986) 

Morocco 


224 pm 

Mura (1986) 

Italy 


225 - 235 pm 

Thi6ry (in press) 

Saudi Arabia 

Streptocephalus torvi- 
cornis torvicornis 

263 - 279 nm (n = 3) 

This study 

Slovakia 

(V. I. = 42.76 %) 

0.3 mm 

Valousek (1952) 

Czechoslovakia 


0.22 - 0.33 mm 

Alonso (1985) 

Spain 


250 pm 

Alonso & Alcaraz (1984) 

Spain 


240 pm 

Mura (1992a) 

Origin not indicated 


231 - 239 pm (n = 8) 

Thiery (1995) 

Saudi Arabia 


0.22 mm 

Zograf (1907) 

Russia 

Streptocephalus torvi¬ 
cornis bucheti 

244.3 pm 

Alonso & Alcaraz (1984) 

Spain 

(V. I. = 12.29 %) 

276.3 pm 

Mura & Thi£ry (1986) 

Morocco 

Linderiella massaliensis 
(V. I. = 8.0 %) 

240 - 260 pm 

ThiGry & Gasc (1991) 

France 

Linderiella sp. 

(V. I. = 12.24 %) 

0.23 - 0.26 mm 

Alonso (1985) 

Spain 


255 pm 

Alonso & Alcaraz (1984) 

Spain 

Chirocephalus brevi- 
palpis 

(316 pm from fig.l.e, 
but the text indicates 

0.22 - 0.24 mm) 

Petkovski (1991a) 

Yugoslavia 


(erroneous scale bar in the 
figure, Petkovski, ab ora) 



Chirocephalus carnun- 
tanus 

240 - 260 pm (n = 4) 

This study 

Slovakia 


0.154 mm (immature cyst) 

Zograf (1907) 

not indicated 

Chirocephalus chyzeri 

259 - 310 pm (n = 5) 

This study 

Slovakia 

Chirocephalus diapha- 
nus 

370 * 429 pm (n = 6) 

This study 

Slovakia 

(V. I. = 52.08 %) 

360 - 420 pm 

Thiery & Gasc (1991) 

France 

[ 

340 pm 

Alonso & Alcaraz (1984) 

Spain 
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SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 


287 |im 

Mura et ai (1978) 

Italy 


0.25 - 0.32 mm 

Alonso (1985) 

Spain 


0.43 mm 

Hall & Mac Donald 
(1975) 

England 


270 (im 

Poisson et al. (1946) 

France 


0.25 mm 

Mathias (1937) 

not indicated 


error in scale 

Mura (19926) 

Italy 

Chirocephalus diapha- 
nus carinatus 

270 - 288 nm (n = 9) 

This study 

Bulgaria 

Chirocephalus josephi- 
nae 

331 - 345 jam (n = 3) 

This study 

Russia 


0.25 mm 

ZOGRAF (1907) 

Russia 

Chirocephalus kerky- 
rensis 

266 - 331 urn 

Mura (1986) 

Italy 

(V. 1. = 21.48 %) 

error in scale 

Mura (1992 b) 

Italy 


311 Jim (n = 50) 

Mura et al (1978) 

Italy 

Chirocephalus marche - 
soni 

428 Jim (n = 50) 

Mura et al (1978) 

Italy 


363 jam 

Mura (1986) 

Italy 


error in scale 

Mura (19926) 

Italy 

Chirocephalus orghi- 
dani (V. I. = 5.99 %) 

275 - 292 pm (n = 3) 

This study 

Roumania 

Chirocephalus pelago- 
nicus 

295 - 296 Jim (n = 2) 

This study | 

Yugoslavia 

(V. I. = 12.10 %) 

333 Jim 

Petkovski (1986) 

Yugoslavia 

Chirocephalus ruffoi 

252 Jim 

Mura (1986) 

Italy 


no scale 

COTTARELLI & MURA (1984) 

Italy 


error in scale 

Mura (1992 b) 

Italy 

Chirocephalus salinns 

345 - 363 Jim (n = 4) 

This study 

Corsica 


341 - 360 jim (n = 4) 

Thi^ry & Gasc (1991) 

Corsica 


355 pm 

Champeau & Thiery 
(1990) 

Corsica 


256 pm 111 

Mura et al (1978) 

Sardinia 


362 jim 

Mura (1986) 

Sardinia (code 600) 


256 Jim 111 

Mura (1986) 

Sardinia (code 300) 


error in scale 

Mura (19926) 

not indicated 

Chirocephalus shadini 

275 - 280 jim (n = 6) 

This study 

Slovakia 

Chirocephalus slovaci- 
cus 

311 - 325 pm (n = 3) 

This study 

Slovakia 

(V. I. = 10.52 %) 

306 - 332 jim (n = 5) 

This study 

Slovakia 


329 - 340 jim (n = 3) 

This study 

Slovakia 
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[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 

Chirocephalus spini - 
caudatus 

264 jam 

This study 

France (MNHN Paris 

Bp. 157) 

Chirocephalus sibyllae 

290 jam 

Mura (1986) 

Italy 


error in scale 

Mura (1992/?) 

Italy 

Drepanosurus birostra- 
trus 

173 pm, but immature cyst 

This study 

Russia 

Drepanosurus hankoi 

341 - 358 Jim (n = 5) 

This study 

Slovakia 


300 jam 

Mura (1992*) 

origin not indicated 

Siphonophanes grubii 

353 ^irn (n = 1) 

This study 

Slovakia 

(MNHN Paris Bp. 260) 

(V. 1. = 16.23 %) 

0.30 - 0.33 mm 

Buchholz (1864) 

Germany 


312 jam 

Mura (1992 b) 

not indicated 

Branchinectella media 

198 - 211 pm (n = 3) 

This study 

Russia 

(V. I. = 6.36 %) 

208.6 jam 

Alonso & Alcaraz (1984) 

Spain 


0.2 mm 

Alonso (1985) 

Spain 

NOTOSTRACA 




Lepidurus a pus 

436 - 485 jam (n = 5) 

This study 

France (Provence) - dried 

(V. I. = 26.08 %) 

432 - 495 nm (n = 12) 

This study 

South-France (Gavoti) 


455 - 471 jam (n = 4) 

This study 

France (Languedoc) 


496 jam (n = 1) 

This study 

Slovakia 


0.4 - 0.5 mm 

Alonso (1985) 

Spain 


479 jam 

Alonso & Alcaraz (1984) 

Spain 


0.6 mm 

Reau de la Gaignonni£re 
( du) (1908) 

France (Angers) 


440 jam 

Arnoult (1951) 

France (Toulouse) 


0.4 - 0.6 mm 

Mathias (1937) 

not indicated 


430 - 520 jam 

Thiery & Gasc (1991) 

France 

Lepidurus couesii 

420 - 425 jam (n = 3) 

This study 

Mongolia 

Lepidurus arcticus 

603 - 621 jam (n = 3) 

This study 

Russia 

(V. I. = 14.78 %) 

0.7 mm 

Braem (1893) 

not indicated 


700 jam 

Fryer (1988) 

Iceland 

Triops cancriformis 

350 - 380 jam (n = 3) 

This study 

Slovakia 

(V. 1. = 16.21 %) 

368 - 372 jam (n = 6) 

This study 

France (Opoul) 


355 - 375 jam (n = 4) 

This study 

France (Crau) 


0.37 mm 

Gilchrist (1978) 

England 


360 - 400 jam 

Thiery & Gasc (1991) 

France (Languedoc) 


0.4 - 0.6 mm /?/ 

Mathias (1937) 

France 


0.34 mm 

Tommasini et al. (1989) 

Italy 
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SPECIES 

CYST MEASUREMENTS 
[mini - maxi or mean (n = )] 

REFERENCE 

IN LITERATURE 

LOCALITY 

Triops cancriformis 

423 jim 

Alonso & Alcaraz (1984) 

Spain 

mauritanicus 




(V. I. = 18.98 %) 

442 - 510 pm 

Thi£ry (1987) 

Morocco 

Triops cancriformis 

391 jam 

Alonso & Alcaraz (1984) 

Spain 

simplex 




(V. I. = 5.52 %) 

370 nm 

Thi6ry (1987) 

Morocco 

Triops numidicus 

1 mm 

Ghigi (1921) 

not indicated 


625 - 750 jim 

Thi6ry (1987) 

Morocco 

SPINICAUDATA 




Limnadia lenticular is 

185 - 209 nm (n = 2) 

This study 

Slovakia 

(V. I. = 12.18 %) 

199 - 208 jim (n = 2) 

This study 

Slovakia 


200 - 208 jim 

Thiery & Gasc (1991) 

not indicated 


0.15 - 0.22 mm 

Lereboullet (1866) 

not indicated 


0.15 - 0.17 mm 

Zaffagnini (1967) 

Italy 

Imnadia yeyetta 

180/180 - 185/190 jim (n = 2) 

This study 

Slovakia 

(V. 1. = 11.23 %) 

165/150 - 175/160 pm (n = 6) 

This study 

France (Crau) 


185/182 |iin 

ThiSry & Gasc (1991) 

not indicated 

Cyzicus tetracerus 

146 - 161 nm (n = 7) 

This study 

Slovakia 

(V. I. = 14.30 %) 

141 - 153 Jim (n = 5) 

This study 

Slovakia 


145 - 150 jim 

Thiery & Gasc (1991) 

France (Provence) 


139.5 pm 

Alonso & Alcaraz (1984) 

Spain 


0.15 - 0.16 mm 

Mathias (1937) 

France 

Cyzicus grubei 

124 Jim 

Alonso & Alcaraz (1984) 

Spain 

Cyzicus bucheti 

150 - 190 jim 

Thiery (1987) 

Morocco 

Eocyzicus orientalis 

119 - 122 jim (n = 2) 

This study 

Russia 

(V. I. = 2.49 %) 




Leptestheria dahala- 

95 - 103 Jim (n = 3) 

This study 

Slovakia 

cencis 




(V. I. = 14.63 %) 

103 - 110 jim (n = 8) 

This study 

Slovakia 


100 ji m 

SCANABISSI SABELLl & 

Italy 



Tommasini (1992) 


Leptestheria rnayeti 

179 jim 

Thiery (1987) 

Morocco 

Eoleptestheria ticinensis 

125 - 130 jim (n = 5) 

This study 

Slovakia 

(V. I. = 6.35 %) 

122 - 126 jim (n = 4) 

This study 

Slovakia 


127 jim 

Thiery & Gasc (1991) 

France (Camargue) 

LAEVICAUDATA 




Lynceus braehyurus 

114 - 119 jim (n = 2) 

This study 

Slovakia 

(V. I. = 4.29 %) 



___ 




